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Specification 
Title of the Invention 
Vacuum Fluorescent Display 

5 Backgro und of the Invention 

The present invention relates to a vacuum 
fluorescent display with phosphors that emit light upon 
bombardment of electrons. 
f *j Conventionally, a vacuum fluorescent display 

;fj 10 of this type has an envelope constituting a display 
surface which has at least partly light transmission 
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^ properties. A phosphor layer is formed by applying 



phosphors to the inner side of the display surface of 
this envelope. A cathode electrode for emitting 

15 electrons toward the phosphor layer, a grid electrode 

for extracting the electrons from the cathode electrode, 
and an anode electrode for accelerating the electrons 
extracted from the cathode electrode are arranged in the 
vacuum space in the envelope. The electrons extracted 

20 from the cathode electrode by the grid electrode are 

accelerated by the anode electrode and bombard against 
the phosphor layer. Hence, the phosphors that form the 
phosphor layer are excited by the impact of the 
electrons, and the phosphor layer emits light in a color 

25 corresponding to the excited phosphor. The light 

emitted from the phosphor layer emerges from the display 
surface through an optical film. 
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At this time, if a high voltage is applied to 
the anode electrode, the electrons accelerated to a high 
speed bombard against the phosphor layer to increase the 
luminance. When the electrons bombard, however, the 
temperature of the phosphor layer increases sharply, and 
the luminance decreases sharply. Since the bombarding 
electrons have a high energy, the amount of X-rays 
generated by the phosphor layer increases, and the X-ray 
undesirably leak to the outside from the display surface. 

In order to suppress this sharp temperature 
increase and generation of the X-rays of the phosphor 
layer, conventionally, the voltage to be applied to the 
anode electrode is suppressed low. When the voltage to 
be applied to the anode decreases, however, 
high-luminance light cannot be obtained. 

In some projection type cathode ray tube, a 
countermeasure for preventing leakage of X-rays with a 
thick vacuum envelope and a countermeasure for 
preventing overheat of the phosphor layer with a liquid 
cooling mechanism are taken separately. In this case, 
the cathode ray tube be.comes large in size and weight, 
so it cannot be employed in a small-size vacuum 
fluorescent display. In order to prevent X-ray leakage, 
the display surface (phosphor screen plate) of the 
envelope may be made of lead glass. In this case, 
however, a blackening phenomenon is caused by heat. 
Thus, the display surface of the envelope cannot be made 



of lead glass. 

Summary of the invention 

It is an object of the present invention to 
provide a vacuum fluorescent display in which X-ray 
leakage and overheat of the phosphor layer are prevented 
with a simple structure. 

It is another object of the present invention 
to provide a vacuum fluorescent display in which a 
voltage to be applied to the anode electrode is 
increased so that high-luminance light can be obtained. 

In order to achieve the above objects, 
according to the present invention, there is provided a 
vacuum fluorescent display comprising a cathode 
electrode for emitting electrons, a grid electrode for 
extracting the electrons from the cathode electrode, an 
anode electrode for accelerating the electrons extracted 
from the cathode electrode, at least one envelope which 
accommodates the cathode electrode, the grid electrode, 
and the anode electrode in a vacuum space and has a 
display portion having light transmission properties, a 
phosphor layer formed on an inner surface of the display 
portion of the envelope and adapted to emit light upon 
bombardment of the electrons accelerated by the anode 
electrode, and a cap made of an X-ray shielding material 
and supported outside the envelope so as to surround the 
display portion of the envelope through a gap, the cap 
having a light exit surface from which the light emitted 



from the phosphor layer emerges through the display 

portion of the envelope. 

Brief D escription of the Drawings 

Fig. 1 is a sectional view showing the 
schematic arrangement of a vacuum fluorescent display 
according to the first embodiment of the present 
invention; 

Figs. 2A and 2B are front and plan views, 
respectively, showing an example in which the cap shown 
in Fig. 1 is applied to a tricolor display; 

Fig. 3A is a sectional perspective view of a 
graphite column; 

Fig. 3B is an enlarged front view of a carbon 
nanotube constituting the graphite column shown in 
Fig. 3A; 

Fig. 3C is an enlarged front view of the tip 
of the carbon nanotube shown in Fig. 3B; and 

Fig. 4 is a sectional view of a light source 
tube according to the second embodiment of the present 
invention. 

Description of the Preferred Embodiments 

The present invention will be described in 

detail with reference to the accompanying drawings. 

Fig. 1 shows a vacuum fluorescent display 

according to the first embodiment of the present 

invention, which is a field emission type lamp. 

Referring to Fig. 1, the inner space of an envelope 1 is 



maintained at vacuum. The envelope 1 is comprised of a 
cylindrical glass bulb 1-1, a circular phosphor screen 
plate (display surface) 1-2 fixed to the front 
surface-side opening of the glass bulb 1-1 by adhesion, 
and a circular glass stem 1-3 fixed to the rear 
surface-side opening of the glass bulb 1-1 by adhesion. 
The glass bulb 1-1 has a thickness of 2 mm. The 
phosphor screen plate 1-2 is made of 4-mm thick white 
glass having light transmission properties. The 
envelope 1, i.e., the glass bulb 1-1, has a diameter of 
about 3 cm and a length of about 10 cm. 

Phosphors are applied to the inner surface of 
the phosphor screen plate 1-2 to form a phosphor screen 
2 formed of a phosphor layer. In the envelope 1, a 
ceramic substrate 3 is arranged close to the glass stem 
1-3, and a cathode electrode 4 is mounted on the 
phosphor screen 2 side of the ceramic substrate 3. The 
cathode electrode 4 is comprised of an electrode 4-1 and 
a large number of graphite columns 4-2 fixed to the 
electrode 4-1 with a conductive adhesive. Each graphite 
column 4-2 is made of an aggregate of carbon nanotubes, 
and has a needle-like shape with a length of several /mi 

to several mm. A grid electrode 5 with a mesh portion 
5-1 is arranged between the cathode electrode 4 and 
phosphor screen 2 to cover the graphite columns 4-2. An 
anode electrode 6 is arranged, close to the phosphor 
screen 2, between the phosphor screen 2 and grid 



electrode 5. 

The structure of the cathode electrode 4 is 
described in detail in U.S. P. No. 6,239,547 (reference 
1) and Japanese Patent Laid-Open No. 2000-149765 
5 (reference 2) applied by the present applicant. A 

graphite column 4-2 described in references 1 and 2 is 
made of an aggregate structure of carbon nanotubes 4-2a 
directed in almost the same directions, as shown in 
p Fig. 3A. As shown in Fig. 3B, each carbon nanotube 4-2a 

5 10 is completely graphitized and cylindrical, and has a 
iQ diameter of about 4 nm to 50 nm and a length on the 

order of 1 //m . Fig. 3C shows the tip of the carbon 

nanotube 4-2a in enlargement. 
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*f When DC arc discharge is caused in helium gas 

CO 

|*| 15 between two carbon electrodes separated from each other 
by about 1 mm to 2 mm, carbon of the anode is evaporated 
and agglomerated to form a deposit at the tip of the 
cathode-side carbon electrode, where the carbon 
nanotubes 4-2a are formed. In other words, when stable 
20 arc discharge is maintained in helium gas with the gap 
between the carbon electrodes being held at about 1 mm, 
a columnar deposit with almost the same diameter as that 
of the carbon electrode of the anode is formed at the 
tip of the cathode. 
25 The columnar deposit is formed of two regions, 

i.e., an outer hard shell and an inner fragile black 
core. The inner core is comprised of graphite columns 
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with fibrous tissues extending in the longitudinal 
direction of the deposit column. When the deposit 
column is cut, the graphite columns 4-2 can be obtained. 
The outer hard shell is made of graphite polycrystals . 

In the graphite column 4-2, carbon 
nanopolyhedrons as well as a plurality of carbon 
nanotubes form an aggregate. Carbon nanotubes are 
classified into those with a structure in which a single 
graphite layer is cylindrically closed, as schematically 
shown in Fig. 3C, and those with a coaxial multilayered 
structure in which a plurality of graphite layers 
stacked to form a telescopic structure are cylindrically 
closed. The central portion of each structure is hollow 

When a voltage is applied across the cathode 
electrode 4 and grid electrode 5 through lead pins 7-1 
and 7-2, a high electric field is concentrated to the 
tips of the carbon nanotubes 4-2a of the graphite 
columns 4-2 fixed on the electrode 4-1. Hence, 
electrons are extracted from the tips of the carbon 
nanotubes 4-2a and are emitted from the mesh portion 5-1 

A high voltage higher than the potential of 
the grid electrode 5 is applied to the anode electrode 6 
arranged closer to the phosphor screen 2 than to the 
grid electrode 5, through a lead pin 7-3. The electrons 
from the cathode electrode 4 which are emitted from the 
mesh portion 5-1 are accelerated by the anode electrode 
6 and bombard against the phosphor screen 2. Hence, the 
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phosphors that form the phosphor screen 2 are excited by- 
electron impact, and the phosphor screen 2 emits light 
in a color corresponding to the excited phosphor. The 
light emitted by the phosphor screen 2 is transmitted 
5 through the phosphor screen plate 1-2. 

A bottomed cylindrical cap 9 made of lead 
glass is attached to the front side of the envelope 1 
through a gap 8 so as to surround the phosphor screen 
plate 1-2. More specifically, almost 1/3 of the region 

10 covering the phosphor screen plate 1-2 and glass bulb 
1-1 continuous to the phosphor screen plate 1-2 is 
covered by the cap 9. The cap 9 is 3-mm thick. A light 
exit portion 9-1 as the bottom of the cap 9 has a flat 
inner surface and outer surface (light exit surface) . 

15 Light emitted from the phosphor screen 2 and transmitted 
through the phosphor screen plate 1-2 emerges from the 
light exit surface of the light exit portion 9-1. An 
optical film 10 for increasing the color purity of the 
exit light is adhered to the light exit surface of the 

20 light exit portion 9-1. 

A gap Gl is formed between the light exit 
portion 9-1 and phosphor screen plate 1-2, and a gap G2 
is formed between the inner surface of the cylindrical 
portion 9-2 of the cap 9 and the outer surface of the 

25 glass bulb 1-1. The gap 8 is comprised of the gaps Gl 
and G2 . A transparent cooling liquid 12 such as water 
is sealed in the gap 8. The cooling liquid 12 is sealed 
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in the gap 8 by closing a portion between the inner 
surface of the tip of a cylindrical portion 9-2 of the 
cap 9 and the outer surface of the glass bulb 1-1 with a 
silicone adhesive 11 in a ring-like shape. The gaps Gl 
and G2 are 2-mm width each. 

Light emitted from the phosphor screen 2 is 
transmitted through the phosphor screen plate 1-2 and 
emerges outside through the gap 8 (cooling liquid 12) — > 
light exit portion 9-1 of the cap 9 — » optical film 10. 
Heat of the phosphor screen 2 is absorbed by the cooling 
liquid 12 in the gap 8. Thus, sharp temperature 
increase of the phosphor screen 2 is prevented, and 
high-luminance light can be obtained by increasing the 
voltage to be applied to the anode electrode 6. When 
the thickness of the phosphor screen plate 1-2 is 
decreased, the cooling effect of the phosphor screen 2 
is further enhanced. 

The display of this embodiment was compared 
with a conventional field emission type lamp having no 
cap 9. According to this embodiment, the luminance 
decrease rate when the luminance was high due to 
temperature increase of the phosphor screen 2 was 1/10 
that of the conventional field emission type lamp. 
Since the phosphor screen 2 is cooled by the cooling 
liquid 12 in the gap 8, the blackening phenomenon of the 
cap 9 made of lead glass, which is caused by temperature 
increase of the cap 9, is prevented. Since heat 
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deterioration of the optical film 10 is also prevented, 
high-luminance, stable light emission can be obtained 
with a high color purity. 

The X-rays generated by the phosphor screen 2 
are transmitted through the gap 8 (cooling liquid 12) 
and tend to leak outside through the light exit portion 
9-1 of the cap 9. Since the cap 9 is made of lead glass, 
the X-rays are shielded by the cap 9. X-rays which tend 
to leak from the glass bulb 1-1 are also shielded by the 
cylindrical portion 9-2 of the cap 9. Thus, the total 
amount of X-rays leaking outside is very small. 

As described above, according to this 
embodiment, X-ray leakage prevention and overheat 
prevention of the phosphor screen can be achieved with a 
simple arrangement in which the cap 9 made of lead glass 
is applied to the front surface of the envelope 1 and 
the cooling liquid 12 is sealed in the gap 8 between the 
cap 9 and envelope 1. As a result, the voltage to be 
applied to the anode electrode 6 is increased, so that 
high-luminance light can be obtained. 

The amount of cooling liquid 12 to be sealed 
in the gap 8 is determined considering thermal expansion 
of the cooling liquid 12. The volume of the gap 8 can 
be freely adjusted by altering the sizes of the gaps Gl 
and G2 . More specifically, the amount of cooling liquid 
12 and the volume of the gap 8 can be freely set. The 
pressure in the gap 8 which increases due to thermal 
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expansion of the cooling liquid 12 is absorbed by the 
soft silicone adhesive 11 that seals the gap 8. In 
place of the silicone adhesive 11, a fluororubber 
packing may be used. 

Although the cooling liquid 12 is sealed in 
the gap 8 in the above embodiment, the cooling liquid 12 
need not always be sealed. When the cooling liquid 12 
is not sealed, heat of the phosphor screen 2 is 
dissipated from the cap 9 through the gap 8 between the 
phosphor screen plate 1-2 of the envelope 1 and the cap 
9. In this case, the phosphor screen 2 is cooled not by 
water but by air to achieve overheat prevention. At 
this time, the gap 8 need not be completely sealed by 
the silicone adhesive 11 so the gap 8 and the outside 
can communicate with each other. 

In the above embodiment, the cap 9 is made of 
lead glass. However, the present invention is not 
limited to this, and the cap 9 can be made of any X-ray 
shielding material. The cooling liquid 12 is not 
limited to water. For example, a liquid mixture of 
ethylene glycol and diethylene glycol may be employed. 
The cathode electrode 4 is an electrode using carbon 
nanotubes. However, the cathode electrode 4 is not 
limited to an electrode using carbon nanotubes. 

In the above embodiment, the present invention 
is applied to a display that emits light of one color. 
Alternatively, the present invention can also be applied 



to a display that emits light of three colors. Figs. 2A 
and 2B schematically show a case wherein the present 
invention is applied to a tricolor display. In Fig. 2A, 
a common cap 9' is formed on the front sides of 
envelopes la, lb, and 1c of three vacuum fluorescent 
display tubes corresponding to the three colors. 

More specifically, caps 9 are not provided to 
the envelopes la, lb, and lc separately, but one cap 9 ! 
covers phosphor screen plates la-2, lb-2, and lc-2 of 
the envelopes la, lb, and lc. An optical film 10' is 
adhered to the light exit surface of the cap 9 1 . The 
cap 9 1 is formed of lead glass into a box-like shape and 
has the rectangular light exit surface. A cooling 
liquid is sealed in the gap between the cap "9 1 and the 
envelopes la, lb, and lc by using a silicone adhesive. 

The second embodiment of the present invention 
will be described with reference to Fig. 4. 

With a local shield structure, when a high 
voltage is applied, sometimes spark occurs and stable 
driving operation becomes difficult to perform. Since 
the lead pins are not shielded, when a high voltage is 
applied, sometimes discharge occurs between the pins. 
Also, for example, since the display is not shielded 
from the external electric field, high-voltage driving 
is difficult to perform. A light source tube according 
to the second embodiment has an electron source formed 
of carbon nanotubes or carbon nanofibers, and is 




provided with an X-ray shield mechanism and cooling 
structure . 

The X-ray shield mechanism is formed of a cap 
19 having a cylindrical X-ray barrier 19-1 covering the 
envelope 1 excluding the electrode portions, and a front 
surface glass member 19-2 made of lead glass and fitted 
in one opening of the X-ray barrier 19-1 to correspond 
to the light exit surface of the light source tube. 
Alternatively, the X-ray barrier 19-1 is made of lead 
glass, or an X-ray shielding material without any light 
transmission properties. The cap 19 is arranged to form 
a gap 8 with the envelope 1. 

The cooling mechanism is made up from the gap 
8 formed between the envelope 1 and cap 19, and a 
cooling liquid 12, e.g., oil, sealed in the gap 8. With 
this arrangement, the entire light source tube is 
covered with the cooling liquid 12. 

Therefore, the light source tube is shielded 
from the external electric field. Even when a high 
voltage is applied, the light source tube can perform 
stable electron beam driving operation. A high voltage 
of 30 kV to 40 kV can also be applied to the anode, and 
the front surface (phosphor screen) of the light source 
tube is cooled, so that a higher luminance can be 
obtained. 

The cooling liquid 12 is sealed by a sealing 
member (stem) 13 made of an insulating material such as 



silicone rubber. The outer diameter of the sealing 
member 13 is slightly larger than that of the envelope 1. 
When the cooling liquid 12 is sealed with insulating 
silicone rubber, the light source tube and the cap 19 
can be fixed to each other without adversely affecting 
the outer shape of the cap 19 (shield glass tube) that 
covers the envelope 1 of the light source tube, and the 
cooling liquid 12 can be sealed in the gap between the 
envelope 1 of the light source tube and the cap 19. 

Various types of lead pins 7-1 to 7-3 are 
buried and fixed in the sealing member 13. When the 
various types of lead pins 7-1 to 7-3 are buried and 
fixed with an insulating sealing member in this manner, 
discharge among the lead pins 7-1 to 7-3 can be 
prevented, and a lead wire can be extended stably even 
under a high-voltage condition. 

Furthermore, a liquid reservoir 14 
communicating with the gap 8 may be formed in the 
sealing member 13. This can absorb a change in volume 
caused by thermal expansion of the cooling liquid 12. 
When such a liquid reservoir 14 is formed in the sealing 
member 13, the sealing member 13 preferably has 
elasticity. 

In this embodiment, the front surface glass 
member 19-2 constituting the X-ray shielding structure 
is not limited to a flat glass member but may form a 
convex or concave surface. The distance between the 



front surface glass member 19-2 of the X-ray shielding 
structure and the front surface glass member (phosphor 
screen plate 1-2) of the light source tube can be set 
arbitrarily . 

As has been described above, according to the 
present invention, a cap having light transmission 
properties and made of an X-ray shielding material is 
arranged outside the envelope to surround the display 
surface while forming a gap with the envelope. 
Therefore, X-ray leakage prevention and overheat 
prevention of the phosphor screen can be achieved with a 
simple structure. Simultaneously, high-luminance light 
can be obtained by increasing the voltage to be applied 
to the anode electrode. 

Since the cooling liquid is sealed in the gap, 
the effect of preventing overheat of the phosphor screen 
can be enhanced. Since the cap is formed of lead glass, 
the effect of preventing X-ray leakage can be enhanced. 



